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location measurement system 



Background 

Current location measurement systems, for example the phase based 
measurement system described in patent application GB01/05029, suffer from 
errors caused by static multipath. When the tag that is to be tracked falls into a 
region of strong reflections it is more likely to find the reflections than any direct 
line of sight signal and thereby the calculation of time of flight will be incorrect. 
Most multipath mitigation techniques currently in use rely on hardware changes to 
the system (for example the use of circular polarisation or spread spectrum) or 
software additions (for example averaging over time or other knowledge 
constraining the location of the tag). This invention allows for the static. multipath to 
be measured and calibrated. 

Invention 

The invention will be described in the embodiment of its use for the phase based 
location and tracking system described in patent application GB01/05029. Trie 
mobile tag transmits multiple tones on a carrier frequency that are detected at 
multiple receiver base stations. The phase difference between these tones are 
used to calculate the relative position of the mobile tag. By using multiple tones 
with varying phase difference it is possible to produce a system that allows coarse 
to fine measurement, which overcomes the cyclical ambiguity arising from the 
phase difference measurement. This system already describes a method for 
synchronising the base stations using reference tags that are located in known 
positions. This will allow the base stations to operate remotely without the need for 
further synchronisation making the system much easier to deploy. Figure 1 is a 
schematic representation of this system. 

A modification of this system is described here where more reference tags are 
deployed in and around the tracking area. These fixed reference tags can be used 
to calibrate the system for any static multipath. Static multipath is defined here to 
mean any multipath that is consistent over a period of time longer than the 
measurement cycle. For example, a system that updates the location of mobile 
tags ten times a second could operate with a static multipath measurement of 10 
seconds or so. This allows for large objects being placed in the field during the 
tracking event, for example a television crew vehicle and so on. To those skilled in 
the art it is seen that this time scale can be of arbitrary length. Short time scale, 
local multipath and other short term errors in the reference tags require higher 
update rates and will be prone to more errors making the calibration more 
inaccurate and therefore, while it is still possible to attempt to correct these errors 
the preferred embodiment of this invention allows only for longer term correction 
(approximately ten times higher than the update rate for the location calculation). 

Figure 2 represents a race course around which tracking of a mobile tag is to be 
carried out. The grey line represents the tracked position of the mobile tag. As can 
be seen the metal fence located at the top of the track produces a substantial static 



multipath effect that pushes the location of the tracked mobile away from the oval. 
This effect is also observed in the presence of building structures such as a 
grandstand, hedges or hills. By deploying a few fixed reference tags near to the 
oval around the top of the track it would be possible to measure the static multipath 
and produce a multiplication matrix that would map the calculated position into the 
actual position of a mobile tag. This mapping could be done as part of the tracking 
procedure in real time or could be applied at a later date if the system does not 
need to display the data in real time. 

Those skilled in the art will appreciate that the calibration can be done continuously 
while the tracking of the mobile device is carried out or could be part of a set up 
procedure of the system and the fixed reference tags could then be removed. The 
removal of the fixed reference tags will result in anv changes in the static multioath 
not being corrected. 




Figure 1: Phase difference measurement system described in patent application 
G B0 1/05029. The four base stations receive signals from the fixed tags as well as 
the mobile tag. 

By placing reference tags around the course any changes anywhere will be 
automatically corrected. An additional benefit of this invention is that it simplifies 
the placement of the tracked location onto a graphical representation of the course. 
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In this horse racing example, these additional reference tags can be placed on 
known locations. For example, they could be placed on the rail that defines the 
course or the posts used for measuring the distance the horses have raced. This 
allows automatic calibration of the system with minimal user interface and so those 
skilled in the art of location technologies are not required for the deployment. 

Any application where the mobile tags are to be tracked within a confined area, 
smaller than the overall coverage area, can benefit from this technique. 

Meral fence 




Figure 2: The oval represents a race course around which tracking of a mobile tag 
is to be carried out. The grey line represents the tracked position of the mobile tag. 
As can be seen the metal fence located at the top of the track produces a 
substantial static multipath effect that pushes the location of the tracked mobile 
away from the oval. 
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